Microinjection of DNA into the nuclei of human vascular smooth muscle cells.
It is challenging to successfully transfect human vascular cells by conventional techniques. We evaluated the efficiency of transfection of human smooth muscle cells (SMC) using a method of direct nuclear microinjection of DNA constructs. The nuclei of explanted human saphenous vein SMC were microinjected with the plasmid pCMVbeta, containing the lacZ gene for beta-galactosidase (beta-gal). Efficiency of injection and expression were assessed by histochemical staining for beta-gal. Injected SMC were subjected to standard assays of viability and migration. Parameters affecting the conditions of injection were systematically analyzed to achieve optimal transfection efficiency. A vertical injection resulted in a twofold increase in expression of beta-gal compared to a horizontal approach. A DNA concentration of 100 ng/microl (390 copies/injection) provided a maximal rate of expression. No further increase in expression was evident at higher concentrations. Maximal expression was achieved with a time of injection of 200-500 ms, an injection pressure of 5-10 psi, and a pipette tip size of 0.6 microm, resulting in an injection volume of 0.03 pl. Cytoplasmic injection did not result in gene expression. The ability of SMC to migrate under videomicroscopy was not altered by the injection process. Optimizing all injection parameters resulted in cell viability >95% and efficiency of injection of 59%. DNA encoding a variety of intracellular proteins can be efficiently microinjected into human vascular SMC. Coupled with the use of videomicroscopy, this technique can allow for the evaluation of genes that might modulate important cellular processes such as proliferation and migration.